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Abstract There are currently no data available regarding the
normal levels of DNA found on the skin of children engaging in
routine day to day activities to assist with the forensic interpre-
tation of DNA profiles generated from skin surface swabs. To
address this deficit, skin surface swab samples were collected
from 12 face/neck sites and 20 body sites on 50 children less
than 5 years old. After exclusion of spoilt samples, 60 sets of
swabs from 47 children (30 face/neck, 30 body) comprising of
944 individual samples were analysed. The number of alleles
observed which could have originated from the child and the
number whichmust have come from another source (non-child)
were analysed. The following variables were evaluated: age,
kissing, feeding and washing practices, number of contacts and
application of cream. Overall, extremely small amounts of non-
child DNAwere retrieved from skin swabs. Child only (46.3%)
or no DNA at all (18.6 %) was observed for 64.9 % of all
swabbed samples. Low levels of non-child DNA (1–5 alleles)
were observed on 31.6 % of all swabs tested with only 3.4 % of
swabs showing six or more alleles. A great deal of variation
between children and between sites in the levels of both child
DNA and non-child DNAwas observed. A multilevel model,
taking account of clustering within children, showed that there
was a strong direct association between the amounts of child
and non-child DNA observed. There was no relationship be-
tween the amount of DNA recovered and the demographic and
biographic variables analysed. These background data have the
potential to assist the analysis of DNA from the skin of children
during criminal investigation.
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Introduction
DNA technology is increasingly used in forensic investiga-
tion, yet there is an absence of data on background DNA
levels that may greatly assist the interpretation of DNA pro-
files. It is widely accepted that biological material containing
sufficient DNA for the generation of full or partial short
tandem repeat (STR) profiles can be transferred when an
individual's skin surface comes into contact with an animate
or inanimate object [1–4]. DNA transfer has also been shown
to occur during physical assault scenarios in adults, such as
manual strangulation [5], with claims that transferred DNA
may persist on the touched skin surface for up to 10 days post-
contact [6]. Despite the acceptance that detectable levels of
DNA can be transferred to an individual's skin surface follow-
ing physical contact, there is little in the current literature to
quantify how much may be present, or if it may be at levels
which could confound the interpretation of forensic DNA
profiles generated from skin surface samples. Although it
has been demonstrated in one small scale study that the skin
surface of the adult neck may show ‘background’ levels of
non-self DNA due to normal day-to-day activities [7], there is
little evidence on how much non-child ‘background’ DNA
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may already be present on a young child's skin, given that the
child may have been handled and kissed repeatedly by their
carers and other family members. This study describes DNA
levels found on the skin surface of live children aged 0–5 years
participating in routine daily activities, and quantifies the
background levels of non-child DNA one would expect to
find.
Materials and methods
Subjects and sampling
Ethical approval was granted by the multi-centre ethics com-
mittee in March 2008 (number 03/9/29), with an approved
amendment in July 2008. The study population was a com-
munity sample of children aged 0–5 years, living in South
Wales, without pre-existing skin disorders or injuries, and in
whom there were no child protection concerns. Informed
consent was obtained from all participants prior to sample
collection.
Sample collection and transportation
Demographic and biographic data were collected, including
developmental stage, feeding details (breast or bottle), number
of siblings and carers, the number of people who had been in
close contact with the child in the 4 h prior to sampling, day-
care arrangements and details relating to areas of skin that had
been kissed, washed or had cream applied within the preced-
ing 4 h.
Samples were collected from the skin surface of each child
from the face/neck at 12 sites and/or body at 20 sites (Fig. 1),
using a single moistened cotton swab in a sweeping motion at
each site; swabbing was discontinued if the child became
distressed. Following sampling, the swab head was removed
from the shaft and placed into a 1.5 ml Eppendorf Safe-Lock
tube containing 400 μl DNA stabilising solution (DNA
Genotek, Ontario, Canada). Reference samples in the form
of buccal swabs were collected from the researcher, the child
subject and up to four carers or siblings who had contact with
the subject in the 4 h preceding sample collection. Samples
were stored at room temperature until they were processed.
Extraction of DNA
DNAwas extracted using the QIAampDNAmini kit (Qiagen,
West Sussex, UK) using a method modified for trace-DNA
swabs. Whole swab heads were stored submerged in 400 μl
DNA stabilisation solution (DNAGenotek, Ontario, Canada),
to which 400 μl buffer AL and 20 μl proteinase K was added.
The sample tube was mixed and incubated at 56 °C for
10 min. A ‘piggybacking’ stage was then performed, whereby
the swab head was transferred to a 0.5 ml sterile plastic tube,
with a hole pierced in the bottom. All liquid recovered from
the swab head was pooled into the original 1.5 ml tube before
continuing with the method as described by the manufacturer.
To recover DNA, 60 μl of buffer AE was transferred to the
column membrane and was incubated at room temperature for
5 min, then centrifuged at 8,000 rpm for 1 min. The filtrate
was then reloaded on to the column, incubated at room tem-
perature for 1 min and centrifuged at 8,000 rpm to collect the
DNA. Positive and negative controls were used throughout
the process.
Quantification and DNA profiling
DNA quantification was performed using the Quantifiler Duo
DNA quantification kit (Applied Biosystems, Foster City, CA,
USA) according to manufacturer's instructions. Two no-
template controls using 2 μl sterile water in place of template
DNAwere run in every batch to monitor gross contamination
of quantification reagents. Positive and negative DNA extrac-
tion controls were also quantified by this method.
Samples containing >0.2 ng/μl DNAwere amplified using
the SGM Plus polymerase chain reaction (PCR) amplification
kit in a total reaction volume of 25 μl using 28 cycles. When-
ever possible, 2 ng template DNAwas added to each reaction;
if less than 2 ng was available, the maximum volume of 10 μl
was entered in to the PCR. If, following fragment analysis,
partial DNA profiles and/or peaks <35 relative fluorescent
units (rfu) were observed, a second run of capillary electro-
phoresis was performed by loading 2 μl PCR product and
using an increased injection time of 10 s instead of the stan-
dard 5 s to allow more PCR product to be electrokinetically
injected, increasing the sensitivity of the run [8]. For samples
containing <0.2 ng/μl, or showing partial or no amplification
after 28 PCR cycles or drop-out after the longer injection run,
a low copy number (LCN) protocol utilising 34 PCR cycles
was carried out [9]. PCR was again performed in a total
reaction volume of 25 μl. All samples were amplified at least
twice at this stage and a consensus reporting methodwas used,
whereby data were only recorded in the final DNA profile if it
appeared in at least two replicate amplifications [9].
DNA profile interpretation
DNA interpretation was based on published guidelines [10]
and using thresholds set by internal verification studies. For
clarification of our methodology, all peaks above 35 rfu
were considered as potential alleles. Alleles observed after
standard amplification, using 28 PCR cycles, visualised by
standard or longer injection capillary electrophoresis proto-
cols, were always reported in the final DNA profile. If the
LCN protocol was used, alleles were only reported in the final
DNA profile if they appeared in at least two amplifications, or
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in a single LCN DNA profile and a previous 28 cycle DNA
profile. If the replicate DNA profiles produced after 34 PCR
cycles differed by more than six peaks, a third amplification
was considered to aid production of a consensus profile which
was representative of the DNA present in the sample. Peaks
detected in stutter positions were considered as potential al-
leles if the DNA profile showed evidence of a mixture and the
stutter peak height exceeded 20 % of that of the associated
allele for standard amplifications and 30% for LCN amplified
DNA. These thresholds were selected following internal val-
idation studies (unpublished data, available on request). For
DNA profiles exhibiting characteristics associated with the
presence of a minor contributor to a DNA mixture, peaks in
stutter positions were considered as potential alleles if they
were greater than the average stutter height observed during
internal validation experiments for each STR locus, and the
height was comparable to other peak heights of the minor
DNA profile.
Data analysis
A full reference SGMplus profile was produced for each child
volunteer. Alleles present in the sample DNA profile that
matched the reference were recorded as ‘child’, and those
which could not have come from the child were recorded as
‘non-child’ alleles. An Access database was populated with
these data and a bespoke visual basic macro written to
organise the data and compare the DNA from each swab with
the child DNA and output this in a format appropriate for
statistical analysis using Stata ver. 11 and SPSS 18. Because
the amounts of DNA, both child and non-child, differed
between the swabs subjected to 28 cycles and those which
had 34 cycles, results were derived for these two subgroups as
well as for the whole set. A multilevel model was fitted to
examine the association between the number of non-child
alleles observed and the percentage of the child's own DNA
profile, modelling sites on the face/neck and body separately
[11]. Swabs were nested within children, and the number of
non-child alleles was modelled by a Poisson distribution, with
robust standard errors to account for possible extra-Poisson
variation. A log link function was used, and explanatory
variables were the percentage of child DNA profile observed
and categorical variables indicating the site of the swab. This
model was extended to explore the effects on the number of
non-child alleles of child level factors such as age and gender
and site-level factors such as having been washed or kissed. In
all cases, a P value of 0.05 or less was taken as significant.
Results
Fifty children were recruited for this study. Samples from
three children had to be discarded due to sample leakage
during transportation. Of the remaining 47, 17 had their
Fig. 1 Areas of the face,
neck and/or body that were
sampled for each child
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face/neck swabbed, 17 had their body swabbed and 13 chil-
dren had both face/neck and body swabbed at the sites indi-
cated in Fig. 1. This resulted in 30 sets of swabs being
collected for the face/neck and 30 sets for the body, a potential
of 960 individual samples. Three swabs were not collected
due to the intolerance of the child, and 13 were excluded from
the final data analysis due to contamination by the sampler
during collection, leaving a total of 944 individual samples to
be analysed. The allele drop-in rates for the University of
Leicester and Northumbria University laboratories were cal-
culated to be 0.04 and 0.01 alleles per locus, respectively.
Both of these drop-in rates are below the 0.3 alleles per locus
considered as the maximum drop-in rate which can be toler-
ated for LCN–DNA work to be interpreted with confidence
[9]. For DNA extraction controls processed in parallel to
buccal swabs, alleles matching one or more of the reference
profiles could often be observed in the negative extraction
control. For this reason, buccal swabs were processed in
separate batches, after all skin-surface swabs had been
processed.
The levels of child and non-child DNA detected varied
greatly on a per swab basis. On average, the number of alleles
observed in DNA profiles generated from face/neck swabs
was greater than for body swabs for both child and non-child
DNA. Non-child DNA was consistently low, averaging less
than one allele per swab across the entire dataset. Consider-
able variation in the amounts of both child and non-child
DNAwas also observed when analysing the data on a per site
basis, particularly on the body. Table 1 shows combined
results for both 28 and 34 cycle PCR amplification strategies
of child and non-child observed on each sampled site. Sup-
plementary data is also provided online to show the break-
down of samples amplified using 28 (Table S1) and 34 cycles
(Table S2). Overall, the sites from which most child DNAwas
recovered were the front and back of the hands, while the
fronts of the hands and the cheeks showed the most non-child
DNA, although the absolute values were very small. On
almost all sites, more child alleles were observed than non-
child alleles. More child DNAwas found for the 28 cycle data,
since the lack of child DNAwas one of the triggers for moving
to 34 cycles, but the amounts of non-child DNAwere compa-
rable for the two datasets.
The data presented in Table 1 suggest that higher levels of
non-child DNA were observed on sites, where on average,
more than 50 % of the child's own DNA profile was also
observed. This was particularly true for data based on 34 cy-
cles. To explore this phenomenon in more detail, the number
of non-child alleles observed at each site was compared to the
percentage of the child's own DNA profile observed at each
site. The data shown in Table 2 suggest that there is an
association between the amounts of child and non-child
DNA observed. However, it does not take into account the
variation in the amount of DNA observed between children or
any other demographic or biographic factors that may be
influencing the results. Using a multilevel model, for the
face/neck and body, the percentage of the child DNA profile
observed was associated with the number of non-child DNA
alleles that would also be observed (P <0.0001). This ob-
served association will be validated on a novel dataset, work
in progress. The data for 28 and 34 cycle amplification strat-
egies is provided in supplementary Table S3.
The effect of both child and swab level factors was inves-
tigated using similar multilevel models. Table 3 shows the
numbers of alleles observed and presents the results of the
multilevel analysis carried out on the documented variables.
The effect size is the ratio of the mean number of non-child
alleles observed for the second level for each factor compared
to that for the first level. So the ratio for kissing compares the
non-child alleles on sites that were kissed to those that were
not kissed; the estimate of 1.17 shows that slightly more non-
child alleles were found on kissed sites but the confidence
interval includes 1, showing that the effect is not significant. In
fact, none of the child or site factors shows a significant effect
for the whole dataset. The results of fitting this model to the
data based on 34 cycles are shown in Table S4 and are broadly
similar, not surprising, since this includes the majority of the
swabs. The model failed to converge when applied to data
based on 28 cycles. This is almost certainly due to the com-
bination of fewer swabs processed using 28 cycles and the
smaller numbers of non-child alleles found on these swabs,
with some locations having no non-child alleles on any swab.
Results on these swabs have, therefore, been omitted.
Discussion
This study demonstrates, for the first time, the background
level of DNA retrieved from the skin of active babies and
children less than 5 years old. The study highlights that,
despite the level of intimate contact between carers and young
children, very little non-child DNA is found on their skin. No
non-child DNA was observed on 64.9 % of the 944 sites
analysed, 1–5 alleles were observed on 31.6 % of all swabs,
and more than six non-child alleles were observed for only
3.4 % of all analysed samples. Overall, more DNA was
recovered from the face/neck swabs compared to body swabs.
The sites with the most child DNAwere the front and backs of
hands, while the fronts of the hands and the cheeks showed the
most non-child DNA. This is perhaps unsurprising due to the
level of handling of these areas by carers during routine daily
activities.
The finding of low levels of non-child DNA is in keeping
with previous work that has been carried out on adult skin
surfaces. In 2002, Rutty observed the presence of non-self
DNA when investigating the transference of human DNA
following manual strangulation. The author commented that
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these observations may impact upon the interpretation of
forensic DNA profile evidence in cases where skin-to-skin
contact may have occurred [6]. This work was expanded to
include a survey of the background levels of DNA present on
the adult neck and showed that non-self DNA were detected
on 21 of 120 swabs samples collected from 24 volunteers [7].
In these early articles, it was proposed that non-self DNAmay
have been present due to secondary or tertiary transfer of
DNA that had previously been deposited onto an animate or
inanimate intermediate vector. The possibility that some non-
self DNA may be present via primary transfer of orally
projected DNA should also be considered, as it has been
demonstrated that detectable levels of DNA can be projected
over 1 m away from an individual when speaking [12].
Aside from these mechanisms of transfer, we also antici-
pate that DNA may be transferred via skin-to-skin contact
during the routine care of babies and young children. It is
widely acknowledged that DNA can be transferred from the
Table 1 The mean and standard
deviation (SD) of child and
non-child DNA alleles and the
percentage of the child's full
DNA profile observed on each
sampled site
Site Number
of swabs
Child DNA
(number of alleles)
Child DNA
(% of full profile)
Non-child DNA
(number of alleles)
Mean SD Mean SD Mean SD
Body
Back of neck 30 10.60 6.03 58.83 33.61 0.63 1.35
Back right ear 30 10.37 7.02 57.73 38.93 0.97 1.65
Chest 30 7.37 6.49 40.72 35.98 0.53 1.38
Left ankle back 29 4.17 5.39 22.99 29.77 0.76 1.48
Left back of hand 30 15.30 4.24 84.10 22.07 1.07 2.03
Left back upper arm 29 5.62 5.93 31.35 32.80 0.86 1.62
Left buttock 29 7.97 7.00 43.73 37.89 0.34 0.61
Left front of hand 30 14.20 6.05 78.52 32.72 1.47 2.30
Left inner thigh 30 7.40 6.43 41.13 35.81 0.47 0.90
Left outer thigh 29 6.41 5.99 34.99 32.44 0.62 0.86
Right ankle front 29 6.34 6.50 35.14 35.78 0.59 0.78
Right back of hand 29 14.79 4.90 81.86 26.22 0.83 1.85
Right back upper arm 30 6.87 7.16 37.96 39.49 0.43 0.90
Right buttock 30 8.07 6.59 44.21 36.10 0.40 0.968
Right front of hand 30 12.80 6.13 70.92 33.66 2.10 2.54
Right front upper arm 30 6.70 6.92 36.70 37.16 0.90 2.47
Right inner thigh 30 8.33 6.77 45.85 37.34 1.10 1.75
Right outer thigh 30 6.17 6.39 34.46 35.65 0.50 0.73
Stomach 29 6.93 6.38 38.94 35.74 0.52 0.95
Upper middle back 30 5.60 5.78 30.86 31.59 0.63 1.30
Average 593 8.61 6.93 47.62 38.11 0.79 1.57
Face/Neck
Forehead 29 13.45 6.16 72.84 32.91 1.24 1.99
Left ear 30 9.50 7.82 51.56 42.46 0.80 1.52
Left inner cheek 30 12.93 7.44 69.91 39.92 1.37 2.06
Left neck 29 13.66 5.70 74.31 30.86 1.28 2.17
Left outer cheek 30 12.73 6.64 69.22 35.94 1.30 2.29
Left side chin 30 13.53 6.89 72.95 36.74 0.60 0.86
Middle chin 30 10.13 8.04 54.85 43.67 0.30 0.75
Right ear 28 12.18 6.77 66.94 37.08 0.57 0.92
Right inner cheek 30 13.03 6.88 70.37 36.55 1.37 2.0
Right neck 26 11.23 7.07 60.66 37.83 0.69 1.23
Right outer cheek 29 13.93 4.67 76.13 25.20 2.03 2.65
Right side chin 30 13.27 7.10 71.49 37.99 0.27 0.58
Average 351 12.47 6.86 67.63 36.98 0.99 1.57
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skin surface to touched objects including the human skin
surface [1, 2, 13–15]. More recently, the potential for cell-
free nucleic acids to be transferred via skin secretions have
also been demonstrated [16]. In addition to the potential for
DNA transfer, several authors have commented on the exis-
tence of the “shedder-status” of an individual, e.g. [3, 4, 17],
yet there does not seem to be any consensus view on how this
shedder-status may impact on the interpretation of DNA case-
work in practice. The lack of unanimity, combined with the
overriding opinion that characterisation of shedder-status is
influenced by many variables, most notably the passage of
time between hand washing and sample deposition [4], and
the fact that this research has all been conducted with adult
volunteers, led us away from attempting to assign shedder-
status in this project.
To ensure that the data generated in this study were truly
reflective of background DNA levels present on the child's
skin surface, and in accordance with previous studies, external
variables that may have influenced the level of self or non-self
DNA were not controlled. Volunteers were not requested to
perform any activities that would be outside of their daily
routine prior to sample collection. Instead, variables which
we considered to be potentially influential on the results were
recorded by survey. The number of people who had been in
close contact with the child in the hours prior to sampling was
also recorded. Upon analysis, contact from kissing or breast
feeding, the age, gender and developmental level of the child,
washing, contacts with multiple people or skin cream appli-
cation did not appear to significantly alter the amount of non-
child DNAwe observed.
There was a significant association between the amount of
child and non-child DNA recovered; when non-child DNA
was observed, it tended to be on swabs where a greater
proportion of the child's own DNA profile was also observed.
As none of the recorded variables showed a significant effect
on the number of non-child alleles detected, they cannot
explain this relationship. Initially, we attempted to identify
the origin of non-child alleles observed in the DNA profile by
Table 2 Relationship between the number of non-child alleles and the percentage of the full profile of child alleles observed
Number of non-child alleles detected Percentage of samples
Child DNA
(% full profile)
0 1–5 6–10 Over 10 Total 0 1–5 6–10 Over 10 Total
0 176 7 0 0 183 18.6 % 0.7 % 0.0 % 0.0 % 19.4 %
1–25 % 83 26 0 0 109 8.8 % 2.8 % 0.0 % 0.0 % 11.5 %
25–50 % 61 48 0 0 109 6.5 % 5.1 % 0.0 % 0.0 % 11.5 %
Over 50 % 293 217 32 1 543 31.0 % 23.0 % 3.4 % 0.1 % 57.5 %
Total 613 298 32 1 944 64.9 % 31.6 % 3.4 % 0.1 % 100.0 %
Table 3 The effect of other fac-
tors on the observed amount of
non-child DNA. The effect size is
an estimate of the ratio of the
number of non-child alleles, tak-
ing the second category shown
divided by the first
No number
Variable Classification No. of
Swabs
No. of child
alleles
No. of non-
child alleles
Effect size
(95 % CI)
p value
Age (years) <1 386 4,083 327 1.18 (0.61, 2.11) p =0.605
>1 558 5,392 486
Gender Male 289 2,594 225 1.21 (0.64, 2.49) p =0.590
Female 655 6,891 588
Development Pre-walking 262 2,885 218 1.28 (0.68, 2.38) p =0.446
Walking 682 6,600 595
Multiple contacts No 660 6,894 570 0.89 (0.46, 1.71) p =0.728
Yes 284 2,591 243
Feeding Other 713 6,834 592 0.99 (0.46, 2.19) p =0.986
Breast 231 2,651 221
Kissed No 798 7,537 640 1.17 (0.91, 1.48) p =0.214
Yes 146 1,948 173
Cream No 884 8,756 777 0.61 (0.29, 1.25) p =0.186
Yes 60 729 36
Washed No 480 4,349 374 0.93 (0.67, 1.28) p =0.639
Yes 253 3,195 256
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comparison to reference DNA profiles from individuals
who had been in physical contact with the child in the 4-
h period prior to sample collection. This approach was
confounded by the unavailability of such individuals to
provide a buccal swab at the time of sample collection.
A decision was taken to record alleles observed in the
DNA profile as ‘child’ or ‘non-child’, without attempting
to identify the source of the non-child alleles. This did
not meaningfully affect our data analysis, as the intention
was to determine the ‘background’ levels of DNA pres-
ent on the skin surface of young children. We confirmed
that background non-child DNA levels are very low. This
supports the potential for future exploration of the valid-
ity of DNA sampling in children.
As young children were recruited to this study, it was
neither appropriate nor practical to use full PPE, i.e. scene
suit, face-mask, mobcap, overshoes and gloves. We have
previously confirmed that little sampler contamination oc-
curred despite this omission [18]. In this study, 13 of the 960
collected samples had been contaminated by the sample col-
lector and were excluded from the analysis. Initially, some
contamination of sample collection negative controls was
observed. Upon analysis, it was discovered that alleles in
common with the sample collector could often be observed
in these negative controls, but not in the DNA profiles for the
samples collected from the skin surface. Following discus-
sion, we discovered that the sample collector was handling the
control swabs close to her body, whilst handling the actual
samples at arm's length. When all samples, including the
negative control swabs, were handled at arm's length, this
problem was resolved. If this methodology was to be
adapted for clinical use, on live children, we would advo-
cate the minimal PPE approach but would advise that ap-
propriate training was undertaken to minimise the risk of
further contamination.
Conclusions
We have reported for the first time levels of ‘background’
DNA found on the skin of infants and very young children,
highlighting that, despite intimate contact with carers and
siblings, levels of non-child DNA found are extremely low.
These results have the potential to provide a baseline to any
forensic assessment of DNA samples taken from a child,
where injuries are suspected to have arisen from a physical
blow or bite from a third party. We have shown an interesting,
albeit unexplained, association between the amount of child
and non-child DNA retrieved, which merits further explora-
tion. For this approach to be fully utilised, it would be neces-
sary to further our understanding of the mechanisms of DNA
transfer involving skin cells, body fluids and cell-free nucleic
acids during both social and anti-social acts, to both inanimate
and animate surfaces, under varying test conditions [14, 15,
19]. This important baseline data provides a first step toward
the potential use of DNA techniques in evaluating suspected
child abuse in children who are too young to provide a history
of any injuries they have sustained.
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